Abstract
During the last two decades, the role of monetary aggregates in monetary policy research has been strongly reduced. This paper aims to reassess and analyze the dynamic interactions between money, prices and economic activity in the case of the Republic of Macedonia. The stability of money demand has significant implications on the actual conduct of monetary policy. If the relationship between the money and prices is stable, monetary aggregate targeting can be appropriate monetary strategy. At the same time, the unstable demand for money reduces the ability of monetary authorities to control inflation, which is the main goal of monetary policy in the Republic of Macedonia. The monetary authorities in the Republic of Macedonia targeted the growth rate of the monetary aggregate M1 during the period from 1992 to 1995. During this period, the relationship between the growth rate of the money supply and aggregate demand was very strong (Fetai 2008) . However, the results regarding the main goal of the monetary policy were unsatisfactory: the inflation rate was still
INTRODUCTION
Money-in-the-utility-function: Model simulations and money demand estimation in the case of the Republic of Macedonia relatively high. During the period of monetary targeting, the demand for money was very unstable mainly due to high dollarization (Fetai, 2008) . The Republic of Macedonia abandoned the monetary targeting regime in 1995 and implemented an exchange rate targeting regime. Under this regime, money became an endogenous variable, subordinated to the stability of the exchange rate. Following the process of financial development and deepening monetization, monetary authorities in Macedonia optimized liquidity in the banking sector in order to stabilize interest rate fluctuations. A properly estimated money demand function should help monetary authorities to determine the required bank reserves in line with future economic expectations (Tillers 2004) .
The Money-in-the-utility-function (MIUF) model is derived in study1 of this paper. One of the main results of the model is the property of superneutrality, implying that "the long-run capital stock of the economy is independent of the rate of monetary expansion" (Sidrauski 1967, p.544) . Given the fact that the patterns of real output and consumption are dependent of the capital stock, their values are independent of the rate of growth of nominal money (Walsh 2010) . The property of superneutrality is derived under the assumption that consumption and money are separable in the utility function. In the case where the utility function is non-separable, the steady-state values of the variables depend on the nominal money growth through its effects on inflation. In the case of non-separability, the household's decisions are affected by money balances, and nominal variables have real effects on the economy (Schabert and Stoltenberg 2005) .
In the study 2, we derive the basic money demand equation and use the cointegration approach to test the long-run income and interest rate elasticity of the money demand in the case of the Republic of Macedonia. The majority of empirical works on the money demand functions were conducted on the case of developed countries (see for example Sriram 1999) . Most of the empirical literature on developed countries represents the demand for money as a function of only two variables: aggregate income, usually represented by the real GDP, and interest rates as an approximation of the opportunity cost of holding money. It is very important to point out that this approach assumes the Fisher equation holds, and the rate of inflation is included in the money demand equation through the interest rates. However, this may not be the case with Macedonia, given the fact that the financial market is still underdeveloped and the capital mobility is limited. In order to address this issue, we followed the approach developed by Cziráky and Gillman (2006) . First, we test whether the Fisher relationship holds in the case of Macedonia. If this relationship holds, the inflation rate is already included in the money demand equation through the opportunity cost variable. If the relationship doesn't hold, we must include the rate of inflation in the money demand estimation. Next, we estimate the money demand equation represented by the M2 aggregate using the cointegration approach. The money demand estimation is presented in the study 2 of this paper.
STUDY 1: THE MONEY-IN-THE-UTILITY-FUNCTION

Literature review
The MIUF model presented in the next section derives two popular properties: the conditions of the long-run neutrality and superneutrality of money. The conditions of the long-run neutrality (LRN) and longrun superneutrality (LRSN) of money were empirically challenged in recent decades. Some of the earlier tests include Geweke (1986) and Stock and Watson (1989) . Fisher and Seater (1993) analyzed these conditions in the bivariate ARIMA framework. This framework is highly sensitive to the order of integration: if the real variables are integrated of order 1, monetary variables should be integrated of order 2. Using this framework, some studies reported evidence in favor of the LRN conditions: Weber (1994) for the G-7 countries and Wallace (1999; 2005) for Mexico and Guatemala. Telatar and Cavusoglu (2005) analyzed the LRN condition in the case of five high-inflation countries. The results show that the LRN condition cannot be rejected in the cases of Brazil, Mexico and Turkey. The LRN condition is rejected in the cases of Argentina and Uruguay. King and Watson (1992) provided another general framework to test the LRN condition, based on the VAR model. King and Watson (1992) criticized the FisherSeater framework and argued that it is subject to the Colley and LeRoy critique. Chen (2007) examined the LRN using a methodology developed by King and Watson (1992) for South Korea and Taiwan. Their results suggest strong support for the LRN condition in South Korea and only little evidence in the case of Taiwan.
The model: derivation and simulations
In the first section we derive the money in the utility function, a model introduced by Sidrauski (1967) . Sidrauski (1967) assumed that real money holdings increase the welfare of economic agents and therefore that money can be incorporated directly into the household's utility functions. Derivations of the model are similar to Walsh (2010) and Wong (2013) . In the MIUF model, households optimize their holdings or real money balances (� � ) and their consumptions paths (� � ) in order to maximize the present value of their utility function:
Where � represents the discount rate and 0<�<1, and � � ��� � � are consumption and real money holdings in per-capita terms. The household's optimization problem is subject to the following budget constraints (Walsh 2010, p.36) :
Where � � represents the per-capita real lump-sum transfers from the government, � � denotes bond holdings, � � denotes the interest rate and � � denotes the stock of capital. If we divide by � � (population), we can rewrite the equation (2) in per-capita terms:
-where � � represents the inflation rate. Equation (3) can be formulated as a "Bellman equation," where the household's problem is to maximize the value function V by choosing optimal paths of � � � � � � � � ��� � � .
From Equation (5) we can rewrite for the capital (� � � in per-capita terms as:
Now, we can put equation (6) and equation (5) into equation (4):
The representative agent has three control variables: real money balances, consumption and bond holdings. The three FOCs for the maximization problem are:
And the transversality condition is:
The FOC with respect to consumption are:
The FOC with respect to bond holdings are:
(12)
The FOC with respect to real money holdings holdings are: (18), equation (12) can be written as:
And equation (14) :
Assuming that � � � � � � � � and making use of equation (17):
Finally, we can rewrite equation (21) by plugging equation (22) into it:
(15)
set to 0,025 (quarterly) or 10% on annual basis, which is in accordance with the amortization data from the State Statistical Office of Macedonia (Petkovska 2008) . Parameter β (subjective rate of discount) is based on the data for the average real interest rates in Macedonia. The real interest rates are estimated as the bank's lending rates adjusted for the inflation rate. The subjective discount rate is set to 0,979 to match the average real interest rate of 8,25% (table 2) . The value for parameter (autoregressive parameter) is based on our estimations on the monetary aggregate M2, as an autoregressive process. The value of the autoregressive parameter in the money growth process is set to 0,52 and the standard deviation is set to 0,046 based on our estimations for the M2 nominal money growth as an AR (1) The remaining parameters are set according to Walsh (2010) and Brzoza-Brzezina (2011) . We proceed with simulations of the MIUF model, estimated and simulated using the DYNARE platform developed by Michael Julliard.
Simulations
In this section, we analyze the simulated responses of the output, inflation and interest rate on productivity and money growth shocks. The simulated impulse responses reveal the main property of the money-inthe-utility function -the superneutrality of money. The responses of the variables to 1% positive innovation shocks in technology and nominal money supply are presented in the pictures 1 and 2, respectively.
Immediately after the shock in productivity, prices fall and output increases (picture 1). The simulations imply that the real variables (consumption, output and capital stock) are largely driven by productivity Here, we assume that , or that the Fisher relationship holds. (Walsh 2010) . Equation (23) is the key relation in the MIUF model: the intertemporal substitution between consumption today and tomorrow is a function of the interest rate. Finally, we have to assume the production function to be able to solve the model: (24) -where the productivity can be defined as an autoregressive (AR1) process: (25) And is a white noise technology shock. The steady state values of the variables and the set of loglinearized equations are presented in appendices 1 and 2.
Calibration
In order to simulate the main properties of the model, we use the "calibration" technique developed by Kydland and Prescott (1982) . Following this technique, the values of the parameters are based on the averages of the aggregate data or on the previous microeconomic studies. In this paper, the values of the parameters are chosen to represent the characteristics of the Republic of Macedonia. We use the value of the gross capital formation as a percentage of GDP as approximation of the capital ratio (α). The computed average share of gross capital formation in the real GDP in Macedonia for the period from 2002 to 2012 is 23,87% (table 1) , so the value of the parameter α is set to 0,2387. Following Petkovska (2008) , the parameter for the rate of depreciation is set according to the amortization data for the Republic of Macedonia. The value of the rate of depreciation is 
shocks. On the other hand, the real variables (except real money balances) are unaffected by the growth rate in the nominal money supply and the inflation rate (Picture 2). The inflation and nominal interest rates rise immediately after the shock in the nominal money supply, but the patterns of consumption are unaffected by the changes in the rate of inflation (Picture 2). However, the positive correlation between the inflation and the nominal interest rates is inconsistent with the empirical findings of the "liquidity effect" of money on the interest rates: in the shortrun there is a negative response in the interest rates on the shocks to monetary supply (Friedman 1968; Cagan 1972) . Here, the simulations imply that the effects of "anticipated inflation" dominate the "liquidity effects. " The nominal interest rates rise following a positive money supply shock because of the higher anticipated inflation. The property of superneutrality is derived under the assumption that consumption and money are separable in the utility function. In the case of non-separability, the steady-state values of the variables will depend on the nominal money growth through its effects on the rate of inflation. The issue of separability 
STUDY 2: MONEY DEMAND ESTIMATION
During the last two decades, the role of the monetary aggregates in the monetary policy research has been strongly reduced. Many studies, particularly those made in the case of developed countries, focused on interest rates as the main channel of the transmission mechanism of monetary policy. However, long-run aggregate economic activity and inflation dynamics are affected by the disequilibrium in the demand for money. The disequilibrium in the demand for money may affect the efficiency of the interest rates as the most important channel of monetary policy in developed countries (Valadkhani and Alludin 2003) . This implies that interest rates can be indirectly affected by money demand through its effect on the output gap.
This paper applies the Vector error-correction model to identify both short-run and long run-equilibrium dynamics between the M2 aggregate and its determinants. In this stage, a properly specified money demand function is of critical importance for the validity of the estimation process. In specifying the money demand function, we follow the approach developed by Cziráky and Gillman (2006) . Following Cziráky and Gillman (2006) , we test whether the Fisher equation holds in the case of the Republic of Macedonia. If the Fisher relation holds, the inflation rate is already included in the money demand equation through the interest rates. If the Fisher relation doesn't hold, we must include inflation in the money demand specification.
Literature review
The majority of empirical works on money demand functions use cases of developed countries. However, during the last two decades the money demand function was also estimated for Central and Eastern European countries. Siliverstovs (2007; estimated the money demand in Estonia and Latvia using the VEC model. Slavova (2003) analyzed the demand for money in Bulgaria for the period of hyperinflation and for the period of macroeconomic stabilization. The empirical research on the demand for money in Croatia includes Babic (2000) , Payne (2003) , Cziráky and Gillman (2006) and Skrabic and Tomic-Plazibat (2009) . The procedure for estimating demand for money in Macedonia used in this paper will be similar to the procedure developed by Cziráky and Gillman (2006) . There is also a vast literature investigating money demand in the case of Central Europe. These include Buch (2001) for Hungary and Poland, Hsing (2007) for Poland, Kollarova and Carsky (2007) for Slovakia, and Komárek and Melecký (2001) There have been studies of money demand functions in the case of Macedonia, mainly focused on the monetary aggregate M1. Petrevski and Jovanovski (2010) analyzed the long-run and short-run dynamics of the money demand function in the case of Macedonia using the VEC model. They use the M1 monetary aggregate as an approximation of money, and a quarterly frequency over the period from 1994 to 2008. The results suggest a stable demand for money over the analyzed period. The estimated long-run income elasticity is lower than unity (0.64) and high semi-elasticity with respect to the interest rate. Kjosevski (2013) used a VEC model and monthly data over the period from 2005 to 2012. Similar to Petrevski and Jovanovski (2010) , Kjosevski finds a stable demand for M1, long-run income elasticity lower than unity, and slow adjustment to the equilibrium. However, Kjosevski (2013) finds a significantly lower interest elasticity (-0.25), but we should note that the authors estimated the demand for money over two different periods.
In this paper, we will examine the demand for money on the case of Macedonia as represented by the broader monetary aggregate M2.
Data and modelling
Variable selection and data transformations
The selection of appropriate variables to be included in the money demand estimation is of critical importance. Sriram (1999) points out that the selection of opportunity cost variables is the main factor for the differences of the estimated money demand functions.
To estimate the money demand function in the case оf Macedonia, we use quarterly data over the period from 2002 to 2012, taken from the International Financial Statistics database. The quarterly time series are: the M2 monetary aggregate (nominal); the consumer price index (CPI); deposit interest rates and real GDP. The series for the rate of inflation are constructed as a first difference of the consumer price index.
The time series for the real GDP, M2 and CPI were seasonally adjusted using the Census X12 filter available in eViews7 software. All data except the deposit interest rates were transformed as a natural logarithm. In order to properly estimate the money demand function, we must transform the nominal M2 into real M2. The consumer price index (CPI) is used to transform the nominal money balances (М2 aggregate) into real money balances (M2 adjusted for the inflation -M2/CPI). Contrary to the previous studies in the case of Macedonia, here we use a broader measure of money (M2). According to Valadkhani and Alludin (2003) , the M2 monetary aggregate is less distorted by the process of financial innovation and has a closer relationship with the measures of economic activity. The M2 monetary aggregate "includes the monetary aggregate M1 and short-term deposits" (NBRM 2013, p.18) . Deposit interest rates represent the interest rates paid by commercial banks on demand, time, or savings deposits. Using the long-term interest rates seems appropriate for the broader monetary aggregates, in order to capture financial asset substitutions (Valadkhani and Alludin 2003) . Real GDP series are used to represent the aggregate income (Y) and deposit interest rates and the rates of inflation are used as proxies for the opportunity cost of holding money (i). The Real GDP variable represents the transaction or wealth effects and economic theory predicts a positive relationship between money and output (Sriram 1999) . At the same time, economic theory predicts a negative relationship between money and the variables representing the opportunity costs of holding money. As we mentioned earlier, we included the rate of inflation after testing the validity of the Fisher equation.
Some authors also use the exchange rate in the money demand specification to capture the effects from the substitution between domestic and foreign money (Dobnik 2011) . However, we excluded the exchange rate from the money demand specification given the fact that the denar-euro exchange rate remained fixed for the analyzed period.
The Augmented Dickey-Fuller (1979) test was carried out to test for unit root. The ADF test shows that all variables except the inflation rate are integrated of order (1) ( Table 3) . 
The Fisher equation
In order to specify the money demand equation, we follow the approach developed by Cziraky and Gillman (2006) . First, we need to test the validity of the Fisher equation in the case of Macedonia. If the Fisher equation holds, the inflation rate is included in the money demand equation through the nominal interest rate (Dreger, Reimers and Roffia 2007) . In this case, the inflation rate should be excluded from the money demand equation. If the Fisher equation does not hold, we need to include the inflation rate in the money demand function. The Fisher equation represents the relationship between nominal and real interest rates, and it was derived in the money-in-the-utility function model (Study 1). The fisher equation can be written as: (Cziraky and Gillman 2006) (34) where r represents the nominal interest rate, ρ represents the real interest rate and π represents the inflation rate. We assume that the real interest rate equals:
Where α term is a constant and is a white noise process. Following Cziraky and Gillman (2006) the Fisher equation can be rewritten as:
The empirical estimation of the validity of Fisher effect can be presented as: (37) where is represented by the deposit interest rates and is represented by the rate of inflation. To test for cointegration, here we apply the Engle-Granger two-step procedure. First, we need to estimate the Fisher effect and then we will perform an Augmented Dickey-Fuller (ADF) test on the residuals from the estimated Fisher equation. The estimated Fisher equation can be presented as:
The ADF test on the residuals from the estimated Fisher equation suggests that the residuals are integrated of order 1 (Table 4) . Since the residuals are nonstationary, the results imply that the Fisher equation does not hold in the Republic of Macedonia. Based on the results, following Cziraky and Gillman (2006), we will include the inflation rate in the specification of the long-run money demand function. 
Money demand estimation: results and discussion
We employ a VEC model to capture the long-run and short-run interactions between M2 and its determinants. The long-run money demand equation can be specified as: (38) where α represents income elasticity and β represents the semi-elasticity of money demand with respect to deposit interest rate.
To determine the appropriate lag length to be included in the test for the rank of cointegration, we carried out a lag length test on the unrestricted VAR model (Enders 2009 ). Here, we choose the two lags based on the Final prediction error (FPE) criteria (Table  5) . The cointegration approach requires all variables to be integrated in the same order (Hafer and Jansen 1991 , Enders 2009 , Brooks 2002 ). In our case, all of the variables included in the money demand specification are integrated of order 1. The Johansen test rejects the hypothesis of no cointegration. The results from the Johansen test indicate two cointegration vectors based on the Trace test and one cointegration vector based on the Maximum Eigenvalue test (Table 6 ). We proceed with the estimation of Vector Error Correction model based on one cointegration equation. The estimated long-run coefficients are in line with economic theory. The income elasticity is less than unity (0,81) and highly significant. The estimated elasticity is slightly lower than the value reported by Kjosevski (0, 92) and higher than the value estimated by Petrevski and Jovanovski (2010) (0,60) . However, the results are sensitive to the choice of sample period, the frequencies of the data, the variables chosen to represent the opportunity costs of holding money and to the number of lags (Mulligan and Sala-I-Martin 1992). Also, we use a broader measure of money demand (M2 aggregate) which we believe is a better definition of money. According to the quantity theory of money, an income elasticity lower than unity implies the increasing velocity of money. However, these findings are inconsistent with the data for the Republic of Macedonia, which suggests a declining velocity of money (Appendix 4). As Judd and Motley (1984) suggest, as economic agents become more responsive to interest rates, money demand reacts more aggressively to the changes in the interest rates, leading to the declining velocity of money. The trend of declining velocity is also consistent with the process of financial and economic development (Chowdhury 1994) . As Chowdhury (1994) pointed out, the velocity should decline at a slower rate at higher levels of economic development. This implies that estimated income elasticity should decline in the future. The estimated semi-elasticity with respect to deposit interest rates is small and negative (-0,17), indicating that economic agents are willing to decrease their money holdings when opportunity costs rise. Although the estimated coefficient carries the expected sign, it is statistically insignificant at 5%, and almost significant at 10% (p=0,11). Compared to previous studies (Petrevski and Jovanovski 2010, Kjosevski 2013) , the estimated interest elasticity for M2 is lower. According to Nell (1999) , interest elasticity for the broader monetary aggregates is likely to be much smaller than those for narrow money. The results indicate negative elasticity with respect to inflation rate (-0,38), implying that economic agents decrease their money holdings less than proportionally as the inflation rises. The coefficient before the inflation rate is significant at 1%. The short-run dynamics reveal that only 2,70% of the disequilibrium is corrected in a single quarter. The expected negative sign on the error-correction term is highly significant. This relatively slow adjustment to the equilibrium level is consistent with the previous findings based on M1. The short-run dynamics are presented in the Appendix 3.
Finally, we perform diagnostic tests on the residuals from the estimated model. The results are presented in Appendix 5 and show that the model is correctly specified.
CONCLUSION
The main purpose of this paper was to reassess and analyze the dynamic interactions between money, prices and output in the case of Macedonia. In the first study, we derived and simulated Sidrauski's MIUF model, calibrated to match the data for the Republic of Macedonia. The simulated impulse responses reveal the main property of this model -the superneutrality of money. The real variables were mostly driven by productivity shocks, whereas the monetary shocks didn't have any real effects. Sidrauski's (1967) model is mostly used to analyze the determinants of the money demand function. In the second study, we estimated the money demand function in the case of the Republic of Macedonia using VECM on quarterly data from 2002 to 2012. Following Cziráky and Gillman (2006) we tested the validity of the Fisher effect to decide whether to include the inflation rate in the money demand equation. The Fisher effect does not hold in the case of Macedonia, so we included the inflation rate in the money demand equation. We found one cointegrating vector between the real money balances, deposit interest rates, rate of inflation and the scale variable using Johansen's multivariate approach. The money demand equation was estimated using a vector error-correction framework. The results of the cointegration equation (normalized to real money balances) are in line with economic theory. The estimated income elasticity is less than unity (0,81) and consistent with previous studies in the case of Macedonia. However, we must note that previous studies were focused on the monetary aggregate M1 rather than M2. Also, previous studies covered different periods. The estimated semi-elasticity of money demand with respect to the interest rate is small and negative (-0,17) , suggesting that economic agents are willing to decrease their real money holdings when opportunity costs rise. The estimated interest rate of semi-elasticity reported here is smaller compared to the coefficient reported by Petrevski and Jovanovski (2013) and Kjosevski (2013) . However, as Nell (1999) argued, interest rate elasticities for broader monetary aggregates are likely to be much smaller than those for narrow money. Finally, the results indicate negative elasticity with respect to the inflation rate (-0,38) implying that economic agents decrease their money holdings less than proportionally as inflation rises. The short-run dynamics reveal that only 2,70% of the disequilibrium is corrected in a single quarter. The properties of stability imply that the M2 aggregate may serve as a proper policy indicator. The estimated money demand function should help monetary authorities to optimize liquidity in the banking sector, in accordance with economic expectations.
